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Appendix A.  Sediment TMDL Methods and Results

Introduction
This appendix documents the analytical techniques and data used to develop the gross sediment
budget and instream sediment measures used in the TMDLs.  It describes the methods, data, and
results for the following, 1) streambank erosion inventory; 2) gully erosion and mass wasting
inventory; and 3) surface and subsurface fine sediment data collection techniques.  These data
are intended to first characterize the natural and existing condition of the landscape, second
estimate the desired level of erosion and sedimentation, and third provide baseline data which
can be used in the future to track the effectiveness of TMDL implementation.  For example, the
streambank erosion and gully inventories can be repeated and ultimately provide an adaptive
management or feedback mechanism.

Streambank Erosion Inventory
The streambank erosion inventory used to estimate background and existing streambank erosion
followed methods outlined in the proceedings from the Natural Resource Conservation Service
(NRCS) Channel Evaluation Workshop (1983).  Using the direct volume method, sub-sections of
1996 §303(d) watersheds were surveyed to determine the extent of chronic bank erosion and
estimate the needed reductions.

The NRCS Stream Bank Erosion Inventory is a field based methodology, which measures
streambank/channel stability, length of active eroding banks, and bank geometry.  The
streambank/channel stability inventories were used to estimate the long-term lateral recession
rate.  The recession rate is determined from field evaluation of streambank characteristics that
are assigned a categorical rating ranging from 0 to 3.  The categories of rating the factors and
rating scores are:

Bank Stability:
Do not appear to be eroding - 0
Erosion evident - 1
Erosion and cracking present - 2
Slumps and clumps sloughing off - 3

Bank Condition:
Some bare bank, few rills, no vegetative overhang - 0
Predominantly bare, some rills, moderate vegetative overhang - 1
Bare, rills, severe vegetative overhang, exposed roots - 2
Bare, rills and gullies, severe vegetative overhang, falling trees - 3
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Vegetation / Cover On Banks:
Predominantly perennials or rock-covered - 0
Annuals / perennials mixed or about 40% bare - 1
Annuals or about 70% bare - 2
Predominantly bare - 3

Bank / Channel Shape:
V - Shaped channel, sloped banks - 0
Steep V - Shaped channel, near vertical banks - 1
Vertical Banks, U - Shaped channel - 2
U - Shaped channel, undercut banks, meandering channel - 3

Channel Bottom:
Channel in bedrock / noneroding - 0
Soil bottom, gravels or cobbles, minor erosion - 1
Silt bottom, evidence of active downcutting - 2

Deposition:
No evidence of recent deposition - 1
Evidence of recent deposits, silt bars - 0

Cumulative Rating

Slight (0-4) Moderate (5-8) Severe (9+)

From the Cumulative Rating, the lateral recession rate is assigned.
0.01 - 0.05 feet per year Slight
0.06 - 0.15 feet per year Moderate
0.16 - 0.3 feet per year Severe
0.5+ feet per year Very Severe

Streambank stability can also be characterized through the following definition and the
corresponding streambank erosion condition rating from Bank Stability or Bank Condition above
are included in italics.

Streambanks are considered stable if they do not show indications of any of the following
features:
- Breakdown - Obvious blocks of bank broken away and lying adjacent to the bank

breakage.  Bank Stability Rating 3
- Slumping or False Bank - Bank has obviously slipped down, cracks may or may not be

obvious, but the slump feature is obvious.  Bank Stability Rating 2
- Fracture  - A crack is visibly obvious on the bank indicating that the block of bank I

about to slump or move into the stream. Bank Stability Rating 2
- Vertical and Eroding - The bank is mostly uncovered and the bank angle is steeper than

80 degrees from the horizontal. Bank Stability Rating 1
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Streambanks are considered covered if they show any of the following features:
- Perennial vegetation ground cover is greater than 50%. Vegetation/Cover Rating 0
- Roots of vegetation cover more than 50% of the bank (deep rooted plants such as willows

and sedges provide such root cover). Vegetation/Cover Rating 1
- At least 50% of the bank surfaces are protected by rocks of cobble size or larger.

Vegetation/Cover Rating 0
- At least 50% of the bank surfaces are protected by logs of 4 inch diameter or larger.

Vegetation/Cover Rating 1

Streambank stability is estimated using a simplified modification of Platts, Megahan, and
Minshall (1983, p. 13) as stated in Monitoring Protocols to Evaluate Water Quality Effects of
Grazing Management on Western Rangeland Streams (Bauer and Burton, 1993).  The
modification allows for measuring streambank stability in a more objective fashion.  The lengths
of banks on both sides of the stream throughout the entire linear distance of the representative
reach are measured and proportioned into four stability classes as follows:

- Mostly covered and stable (non-erosional).  Streambanks are Over 50% Covered as
defined above.  Streambanks are Stable as defined above.  Banks associated with gravel
bars having perennial vegetation above the scourline are in this category.  Cumulative
Rating 0 - 4 (slight erosion) with a corresponding lateral recession rate of 0.01 - 0.05
feet per year.

- Mostly covered and unstable (vulnerable).  Streambanks are Over 50% Covered as
defined above.  Streambanks are Unstable as defined above.  Such banks are typical of
? false banks” observed in meadows where breakdown, slumping, and/or fracture show
instability yet vegetative cover is abundant. Cumulative Rating 5 - 8 (moderate erosion)
with a corresponding lateral recession rate of  0.06 - 0.2  feet per year.

- Mostly uncovered and stable (vulnerable).  Streambanks are less than 50% Covered as
defined above.  Streambanks are Stable as defined above.  Uncovered, stable banks are
typical of streambanks trampled by concentrations of cattle.  Such trampling flattens the
bank so that slumping and breakdown do not occur even though vegetative cover is
significantly reduced or eliminated. Cumulative Rating 5 - 8 (moderate erosion) with a
corresponding lateral recession rate of  0.06 - 0.2  feet per year.

- Mostly uncovered and unstable (erosional).  Streambanks are less than 50% Covered
as defined above.  They are also Unstable as defined above.  These are bare eroding
streambanks and include ALL banks mostly uncovered, which are at a steep angle to the
water surface.  Cumulative Rating 9+ (severe erosion) with a corresponding lateral
recession rate of  over 0.5  feet per year.

Streambanks were inventoried to quantify bank erosion rate and annual average erosion.  These
data were used to develop a quantitative sediment budget to be used for TMDL development.
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Site Selection
The first step in the bank erosion inventory is to identify key problem areas.  Streambank erosion
tends to increase as a function of watershed area (NRCS, 1983).  As a result, the lower stream
segment of larger watersheds tend to be problem areas.  These stream segments tend to be
alluvial streams commonly classified as response reaches (Rosgen B and C channel types).

Because it is often unrealistic to survey every stream segment, sampled reaches were used and
bank erosion rates are extrapolated over a larger stream segment. The length of the sampled
reach is a function of stream type variability where streams segments with highly variable
channel types need a large sample, whereas segments with uniform gradient and consistent
geometry need less.  Typically between 10 and 30 percent of streambank needs to be inventoried.
Often, the location of some stream inventory reaches is more dependent on land ownership than
watershed characteristics.  For example, private land owners are sometimes unwilling to allow
access to stream segments within their property.

Stream reaches are subdivided into sites with similar channel and bank characteristics.  Breaks
between sites are made where channel type and/or dominate bank characteristics change
substantially.  In a stream with uniform channel geometry there may be only one site per stream
reach, whereas in an area with variable conditions there may be several sites.  Subdivision of
stream reaches is at the discretion of the field crew leader.

Field Methods
Streambank erosion or channel stability inventory field methods were originally developed by
the USDA USFS (Pfankuch, 1975).  Further development of channel stability inventory methods
are outlined in Lohrey (1989) and NRCS (1983).  As stated above, the NRCS (1983) document
outlines field methods used in this inventory.  However, slight modifications to the field methods
were made and are documented.

Field crews typically consist of two to four people and are trained as a group to ensure quality
control or consistent data collection.  Field crews survey selected stream reaches measuring bank
length, slope height, bankfull width and depth, and bank content.  In most cases, a Global
Positioning System (GPS) is used to locate the upper and lower boundaries of inventoried stream
reaches.  Additionally, while surveying field crews photograph key problem areas.

Bank Erosion Calculations
The direct volume method is used to calculate average annual erosion rates for a given stream
segment based on bank recession rate determined in the survey (NRCS, 1983).  The erosion rate
(tons/mile/year) is used to estimate the total bank erosion of the selected stream corridor.  The
direct volume method is summarized in the following equations:
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E = [AE*RLR*?B ]/2000 (lbs/ton)

where:
E = bank erosion over sampled stream reach
       (tons/yr/sample reach)
AE = eroding area (ft2)
RLR = lateral recession rate (ft/yr)
? B = bulk density of bank material (lps/ft3)

The bank erosion rate (ER) is calculated by dividing the sampled bank erosion (E) by the total
stream length sampled:

ER = E/LBB

where:
ER = bank erosion rate (tons/mile/year)
E = bank erosion over sampled stream reach

                                   (tons/yr/sample reach)
LBB = bank to bank stream length over sampled reach

Total bank erosion is expressed as an annual average.  However, the frequency and magnitude of
bank erosion events are greatly a function of soil moisture and stream discharge (Leopold et al,
1964).  Because channel erosion events typically result from above average flow events, the
annual average bank erosion value should be considered a long term average.  For example, a 50
year flood event might cause five feet of bank erosion in one year and over a ten year period this
events accounts for the majority of bank erosion.  These factors have less of an influence where
bank trampling is the major cause of channel instability.

The eroding area (AE) is the product of linear horizontal bank distance and average bank slope
height.  Bank length and slope heights are measured while walking along the stream channel.
Pacing is used to measure horizontal distance, and bank slope heights are continually measured
and averaged over a given reach or site.  The horizontal length is the length of the right or left
bank, not both.  Typically, one bank along the stream channel is actively eroding.  For example,
the bank on the outside of a meander.  However, both banks of channels with severe headcuts or
gullies will be eroding and are to be measured separately and eventually summed.

Determining the lateral recession rate (RLR) is one of the most critical factors in this
methodology (NRCS, 1983).  Several techniques are available to quantify bank erosion rates:  for
example, aerial photo interpretation, anectodal data, bank pins, and channel cross-sections.

To facilitate consistent data collection, the NRCS developed rating factors used to
estimate lateral recession rate.  Similar to methods developed by Pfankuch (1975), the
NRCS method measures bank and channel stability, and then uses the ratings as
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surrogates for bank erosion rates.  For the Lemhi River, anectodal data were used to estimate
bank recession rates.  Table 1 summarizes the results and recession rates are in

general agreement with the NRCS (1983) categories.  Additionally, Table 2 is included to
compare estimated recession rates to rates measured in recent research projects.

The bulk density (?B) of bank material is measured ocularly in the field.  Soil bulk density is the
weight of material divided by its volume, including the volume of its pore spaces.  A table of
typical soil bulk densities can be used, or soil samples can be collected and soil bulk density
measured in the laboratory.

Gully Erosion and Mass Wasting
Two methods were used to estimate the natural and anthropogenic frequency of gully erosion
and mass wasting.  First, field inventories were conducted to quantify the present level of gully
formation and mass wasting occurrence.  Second, historic aerial photos were used to document
the spatial and temporal characteristics of gully formation and mass wasting.

The gully erosion field inventory followed methods outlined in the proceedings from the Natural
Resource Conservation Service (NRCS) Channel Evaluation Workshop (1983).  Much like the
streambank erosion inventory technique, the direct volume method is used to quantify the
amount and rate of sediment erosion and delivery from gullies.

Table 1.  Bank lateral recession rates measured in Lemhi River Subbasin using anecdotal data.

Site
Lateral Recession 

(ft) Time (yr)
Recession 
Rate (ft/yr) Comments

18 - mile Creek (silt-clay) 2.5 2 1.25 Bank erosion results from cattle trampling bank rather 

than stream discharge.  Likely not a good measure for other streams.

Kitley Creek (clay-silt) 14 37 0.38 Fence posts exposed, Fence built in late 1950s.

Assume 1960 for rate calculation.  Two feet lost in 1997 flood event.

Geertson Creek (silt-sand) 15 52 0.29 Cedar fence built in 1945.

Table 2.  Bank lateral recession rate measured in various research projects.

Reference

Average 
Migration Rate 

(ft/yr) Comments

From Burckhardt and Todd (1998) forested unforested Data collected in North Central Missouri in glacial deposits.

0.7 5.3 Included here to show extreme values in highly

1.9 5.6 unstable sand-gravel bank material.

1.4 3.1

2.3 7

0.3 1.7

0.9 5.6

2.3 10.5

4.5 8.6

0.6 0.9

From Trimble (1997) 0.65 Urbanized watershed.  Sand-silt bank material

13
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The mass wasting inventory was conducted using similar techniques, however, because these
features tend to be discrete sources of sediment the average annual sediment input was not
quantified.  Rather, the total volume and mass delivered to the stream channel were estimated.

Active features were surveyed using standard surveying equipment.  The geometry of each
feature was surveyed and sediment samples were collected.  The sediment samples were sieved
and weighed to quantify the cumulative grain size distribution of the sediment sources.  These
data are reported in Plate 9.

The aerial photos were interpreted using standard techniques described by Compton (1996).
Resource aerial photos, taken by the BLM, from 1946, 1960, 1974, 1992, and 1993 were used to
characterize the location of features and to quantify the approximate time of gully and mass
wasting initiation.  The photos were also used to characterize changes in land use, riparian cover,
and bank condition where possible.

Subsurface Fine Sediment Sampling
McNeil Sediment Core samples were collected to describe size composition of bottom materials
in salmonid spawning beds of streams on the 303(d) list for sediment.  Research has shown that
subsurface fine sediment composition is important to egg and fry survival, Hall (1986), Reiser
and White (1988).  Data gathered as part of the TMDL and other studies relevant to the Lemhi
River Subbasin are presented in Plate 10.

Site Selection
Sample sites selected displayed characteristics of gravel size, depth and velocity required by
salmonids to spawn and were determined to be adequate spawning substrate by an experienced
fisheries biologist.  Samples were collected during periods of low discharge, as described in
McNeil and Ahnell (1964) to minimize loss of silt in suspension within the core sampling tube.
Sample sites were generally in the lower reach of streams where spawning habitat was
determined to exist.

Field Methods
A 12 inch stainless steel open cylinder is worked manually  as far as possible, at least 4 inches,
into spawning substrate without allowing flowing water to top the core sampling tube.  Samples
of bottom materials were removed by hand, using a stainless steel mixing bowl, to a depth of at
least 4 inches and placed into buckets.  After solids were removed from the core sampling tube
and placed into buckets, the remaining suspended material was discarded.  It is felt that this fine
material would be removed through the physical action of excavating a redd and would not be a
significant factor with regard to egg to fry survival.  Additionally, rinsing of sieves to process the
sample results in some loss of the fraction below the smallest (0.053 mm) mesh size.

Samples were placed wet into a stack of sieves and were separated into 10 size classes by
washing and shaking them through nine standard Tyler sieves having the following
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square mesh openings (in mm): 63, 25, 12.5, 6.3, 4.75, 2.36, .85, .212, .053.  Silt passing the
finest screen was discarded.

The volume of solids retained by each sieve was measured after the excess water drained off.
The contents of each of the sieves were placed in a bucket filled with water to the level of a
spigot for measurement by displacement.  The water displaced by solids was collected in a
plastic bucket and transferred to a 2,000 ml graduated cylinder and measured directly.    Water
displaced by solids retained by the smaller diameter sieves was also collected in a plastic bucket
and measured in a 250 ml graduated cylinder.  Variation in sample volumes was caused by
variation in porosity and core depth.  All sample fractions were expressed as a percentage of the
sample with and without the 63 mm fraction.

Three sediment core samples were collected at each sample site and grouped together by
fractions 6.3 mm and greater and 4.75mm to 0.53mm.  The results for a particular site are the
percentage of 4.75mm to 0.53mm as a percent of the total sample.  Standard deviation is
calculated for estimates including and excluding particles 63 mm and above.

Surface Erosion from Roads
Surface erosion from unimproved/unsurfaced roads and four-wheel drive trails considered to
generally be within 50 meters of TMDL waters was estimated using numerical values from an
extension of the US Department of Agriculture WEPP model.  This model has been widely
applied to estimate surface erosion from unsurfaced roads, particularly on USFS lands.  The
model is based on the gradient of the road, the distance to the stream (buffer distance), the slope
angle to the stream (buffer slope), the width of the road, the soil type adjacent to the road and the
amount of precipitation on the road.  The assumptions used for the estimated tons of sediment
produced over a particular reach of road were that the buffer slope was 25%, road width was 15
feet, distance to the stream was 30 feet, the soil or road material was gravelly loam and erosion
was primarily snowmelt driven which uses an annual precipitation of 32 inches.   It is likely that
erosion is consistently over estimated given these assumptions within the Lemhi watershed,
however the purpose is to conservatively estimate erosion load and to prioritize sources that may
be having an impact on aquatic beneficial uses.  It is felt that erosion estimates are a valid tool
for identifying and ranking sources in which to apply reductions based on implementation of
BMPs.

Segments to be evaluated were identified using 7.5 minute USGS topographical maps and
orthoquad aerial photos.  The distance to water was estimated using the same maps and photos.
Gradient was determined using a Scale Master Plus® digital plan measure to determine road
distance for each 40 foot contour interval along the road being evaluated.

Erosion estimates from the WEPP model were made for gradients of 2%, 4%, 8% and
16%.  Linear regression was used to interpolate intermediate values for gradients from 1
to 44 percent.  Predicted tons per mile were then applied to the various segment lengths at
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each of the observed gradients and accumulated to estimate the tons of sediment produced by
each segment of Road.  Tons of sediment was broken down by the distance to the stream to show
the relative amount in each distance interval, even though the buffer distance was assumed to be
a constant 30 feet over the road segment being estimated.  The result is a conservative estimate
of sediment delivered to the stream in question with an implicit margin of safety.
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Mass Failure Survey for Wimpey Creek Watershed

Site GPS File:
Date   08/19/98 Dominant Slope: degrees
Crew Herron and Fitzgerald Azimuth: degrees

Volume Estimate for deposit

Landslide
Facet BSH(ft) Width (ft) Area (ft2) Length (ft)

Approximate
Volume (ft3)

Bulk Density
(pcf) Weight (tons)

Total
displaced

weight
Delivered

weight (tons)
Percent
delivered

Crown 20 300 6000 300 1800000 90 81000 118969 65813 55
Mid
Chnnl

15 150 2250 375 843750 90 37969

Deposit 6 525 3150 375 1181250 90 53156
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